This study reports on an experiment in downtown Seattle, Washington, to 
Introduction
Real-time information systems have emerged in recent years as a cost-effective way to make alternatives to driving more attractive, especially since traditional approaches such as expanding service areas, increasing frequency, and enhancing on-time University of Maryland College Park campus. The ShuttleTrac system disseminates realtime bus arrival information via telephone, website, terminals at selected stops, and a large display at an activity center. This study found insignificant impacts on individual shuttle trip frequency, waiting anxiety, and feelings of security during the day. However, rider feelings of security after dark and their overall level of satisfaction increased with ShuttleTrac use. Recently, particular attention has been paid to evaluating effects using carefully-designed studies. In one noteworthy example, Brakewood et al. (2014) encouraged a randomly-selected subset of bus riders in Tampa, Florida, to use OneBusAway, a mobile application conveying transit arrival information. Their results provided strong evidence that the access to real-time information significantly improved the passenger experience of waiting for the bus, but found no effects on trip and transfer frequencies.
Real-time transit information may affect several outcomes, including mode choices, route choices, satisfaction, and perceptions of ease-of use, waiting time, and security. It reduces the uncertainty of accessing transportation services, so that travelers reduce their time wasted on waiting and the productivity lost to missed, delayed, or unavailable transportation service (Swanson et al. 1997) . Smith et al. (1994) evaluated the effects of the application of advanced transport telematics in London, namely the Countdown project. The London Countdown system led to increased positive attitudes towards bus travel, the bus operator, and the local public transportation authority. For a ferry system along the Thames River in London, real-time information also enhanced the general impression of that particular travel option (Cassidy and White 1995) . A conjoint analysis found that real-time information was expected to reduce the burden of waiting as the degree of certainty increased (Reed 1995) . Thus, access to real-time information promotes feelings of reliability and convenience (Zito et al. 2011) . When customer evaluations were conducted of bus status video monitor programs known as Transit Watch and Transit Tracker in Seattle, Washington, and Portland, Oregon, passengers felt less uncertainty and more in control after each implementation (Science Applications International Corporation 2003) . Several studies have reported that realtime information affects wait times at transit stations in a positive way. The shortened wait time is associated with reduced disutility, less anxiety, and an increased feeling of personal security during the wait (Forsyth and Silcock 1985) . In a before-and-after study, McCord et al. (2015) found that users of the Ohio State University's real-time bus information system reported more positive attitudes about the bus system's environmental and congestion benefits. Another recent study showed that real-time information via web-enabled and mobile devices caused modest increases in public transit ridership in New York City, particularly on heavily-traveled routes (Brakewood et al. 2015) .
Earlier studies pertained primarily to information presented to travelers at transit stops, but in recent years mobile applications have emerged as a medium for providing real-time information directly to travelers. An example is the CTA Bus Tracker in the Chicago Transit Authority bus system. To investigate its impact on bus ridership, Tang and Thakuriah (2012) analyzed longitudinal data of route-level ridership. The incremental implementation of CTA Bus Tracker on different routes enabled their quasi-experimental design. They estimated linear mixed models that indicated a significant, modest, time-varying increase in monthly average weekday ridership after the provision of Bus Tracker service than before. Watkins et al. (2011) found that both the actual and perceived wait times of transit passengers with access to real-time information (via the OneBusAway mobile app) were shorter than those of passengers without.
In general, prior research provides more support for the notion that real-time information improves attitudes and satisfaction with alternative modes, but less compelling evidence that it directly affects mode choices or trip frequency using the alternative modes. Notably, past work has focused primarily on real-time information provided through displays at transit stops or via mobile apps. The present work focused on both the travel behavior and perceptual effects of a different medium: real-time information provided through a display screen at a public location other than a transit stop, specifically the lobby of an office building.
Hypotheses
This study tested the following hypotheses about the effects on traveler perceptual and behavioral responses of a real-time transportation information display in a public location:
1. Individuals exposed to the real-time information display are more likely to agree that sufficient resources exist for transportation information.
2. Individuals exposed to the real-time information display report higher levels of familiarity with alternatives to personal car travel.
3. Individuals exposed to the real-time information display report more favorable attitudes toward the modes featured on the information display.
4. Individuals exposed to the real-time information display are more likely to choose alternative travel modes for their commutes in particular, and for travel in general.
Methodology
A field experiment was conducted to test the hypotheses that exposure to a real-time transportation information display affects travel behavior and perceptions of alternative modes. The experiment was based on a pre-test/post-test control group design and was analyzed using a difference-in-difference analysis (Card and Krueger 1993) . First, workers in three office buildings were divided into a treatment group ("Building A") and a control group ("Building B" and "Building C"). Both groups participated in a web-based survey that measured travel behaviors, perceptions, and selected background variables. This pre-test survey was completed between late May and early June 2015. A real-time information display screen was installed in the treatment group building on June 15, 2015, and building occupants completed a post-test survey in December 2015.
Research Location and Transportation Context
The location for this experiment was selected based on several criteria. First, the location needed to have convenient access to alternative transportation modes so commuters would have viable alternatives to driving alone. Second, the treatment and control sites had to be physically close to one another so the difference-in-difference experimental design would be valid. Third, the sites needed to be large enough to provide a sufficient sample size. Finally, a property manager was needed who would be a willing partner in allowing the installation of the real-time display and helping to contact building occupants. These criteria led to selecting a site in downtown Seattle after reviewing several candidate sites suggested by the Seattle Department of Transportation.
This experiment was conducted in three buildings located in the 11-acre area of downtown Seattle known as the Metropolitan Tract. Managed by a single property management company, all three buildings are within 400-600 ft of one another, with similar access to transportation infrastructure and resources. Within a quarter mile of the buildings studied in this experiment are 167 different transit routes. In the half-mile circular area around the three buildings is access to ferry, water taxi, and the South Lake Union streetcar. Downtown Seattle is also well-served by TNCs (Uber and Lyft), carsharing (car2go and Zipcar), and traditional taxis. Due to the central location, excellent bike lanes, and convenient public transportation services, Walk Score has rated the area a walk score of 99, a transit score of 100, and a bike score of 64 to 74.
The plethora of viable alternatives to driving alone has led to high usage of alternative modes in downtown Seattle. According to the latest commuter survey (Commute Seattle 2015) among downtown Seattle's estimated 228,000 employees, 31% of commuters drove alone to work, down from 35% in 2010 and 34% in 2012. Public transit was the most popular choice for downtown commuters (45%), followed by driving alone (31%), ridesharing (9%), walking (7%), teleworking (4%), and bicycling (3%).
Data Collection
Occupants (i.e., employees whose regular workplace is in the building) of the three office buildings were surveyed in May and June 2015. Subjects were recruited via emails sent by property managers to tenant companies, who forwarded the emails on to individual workers. As an incentive to complete the survey, respondents were entered into a drawing to receive one of two iPads valued at $499 each. Out of a total of 2,575 occupants in the three buildings, 808 clicked through to the survey and 550 (21%) submitted usable responses. The second survey was conducted between December 7 and 21, 2015, approximately six months after the real-time information display was installed at the treatment site on June 15. Prior studies have suggested that a study period of six months should be sufficient to detect some longer-term responses to the availability of real-time information (Dziekan and Vermeulen 2006; Brakewood et al. 2014) . Respondents again were offered the chance to win an iPad. In total, 709 of 2,579 occupants viewed the post-test survey, and 455 (18%) submitted valid responses. Also identified were 137 respondents (5%) who completed both waves of the survey, which were analyzed separately.
The research team developed the survey instrument specifically for this project to elicit data on four measures of interest: (1) familiarity with, (2) attitudes toward, (3) satisfaction with, and (4) usage of alternative travel modes. Survey items included a question about commute mode to and from work for the past five days and asked respondents to complete a one-day, recall-based travel diary. The average time to complete the survey was 20 minutes. Full details of the survey instrument are reported by MacKenzie et al. (2016) .
Experimental Intervention
The treatment in this study was the installation of a real-time multimodal transportation information display in the lobby of Building A on June 15, 2015. Like many other public real-time transportation information systems, the display used in this study incorporated countdown information for nearby transit stops. However, as shown in Figure 1 , it also provided information on the quantity and location of available carsharing vehicles, the estimated arrival time of TNC vehicles, and the availability of nearby bikeshare bicycles, obtained from service providers' application programming interfaces (APIs). During the interface design stage, transit stations and stops were prioritized based on their proximity to Building A and their ability to serve the home ZIP codes of pre-test survey respondents. The content and design of the screen was updated in the initial few weeks after installation based on feedback from the building's property managers and Seattle Department of Transportation. A snapshot of the final version of the public display is illustrated in Figure 1 .
The screen used in this experiment was a 65-inch, 1080p edge-lit LED LCD Planar display. It was installed along a wall near the main entrance, information desk, and elevators in the ground-floor lobby of Building A so most people could easily see the display upon entering and exiting and drivers who needed to use the garage elevator would also be exposed to the information. No displays were installed at Buildings B or C, and none of the three buildings was equipped with a real-time transportation information display before the study. For purposes of our analysis, it was assumed that people who worked in Buildings B or C would not go to Building A just to use the public display.
FIGURE 1. Screenshot of real-time multi-modal transportation information display
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Data Analysis
This study used a difference-in-difference quasi-experimental design to control for timevarying factors and estimate the causal effects of introducing a real-time information display. In an experiment involving habitual behaviors such as travel, treatment effects may take time to materialize. Thus, we waited approximately six months after the installation of the display before conducting the posttest survey. However, simply comparing responses before and after the intervention does not provide a credible estimate of the causal effects, since many other factors (weather, gasoline prices, service quality, etc.) might also affect respondent choices and attitudes even if the screen had never been installed.
The intuition of the difference-in-difference design is simple (Card and Krueger 1993). There are two groups (treatment and control) and two time periods (before and after treatment), and the interests is in some outcome variable(s). The difference in outcomes for the control group is measured before and after the treatment, and the difference in the treatment group before and after treatment. It is then assumed that whatever difference is observed in the control group represents what would have been observed in the treatment group if the latter had not received the treatment. When this assumption is made, it can be concluded that the causal effect of the treatment is the difference between the two differences calculated previously: the "difference in differences." This is illustrated graphically in Figure 2 for a generic outcome variable y. Note that there is no assumption that the treatment and control groups are exactly the same, only that their changes over time would have been the same if not for the treatment being administered.
Control Treatment Difference Treatment Effect
The difference-in-difference estimator was developed into a regression modeling framework. To represent the group assignment and time period, two dummy variables were created, as shown by equation (1) and equation (2).
(1)
For simple, continuous outcome variables, an ordinary-least-squares regression model typically would be used, where ε i is a random disturbance that is assumed to be independent of the explanatory variables, as shown in equation (3).
In the pre-test survey (t = 0), no treatment takes effect. The expected value of the dependent variable among the control group (g i = 0) can be represented as equation (4):
The expected value in the treatment group (g i = 1) can be represented as equation (5):
Thus, β 1 represents the baseline difference between the two groups. In the post-test survey (t = 1), the treatment is applied only to the treatment group. The expected value of the outcome among the control group (g i = 0) can be represented as equation (6).
Among the treatment group, (g i = 1), the expected value can be represented as equation (7). Difference-in-difference estimator; β 3 is estimated average treatment effect
Thus, β 2 denotes the change over time in the control group, which is assumed to represent the change that would have occurred in the treatment group if it had not received the treatment. The coefficient β 3 captures the additional change in the treatment group beyond any initial differences with the control group and the change over time within the control group. Thus, β 3 is the estimate of the causal effect of the treatment on the outcome.
Since many variables were non-continuous or non-normally distributed, various generalized linear models were used, each using the basic specification above as its linear predictor (i.e., the "right-hand side"). For mode choices, which are discrete, a logistic regression model was used. For attitudinal measures, which were measured on a Likert-type ordinal scale, an ordered logistic regression model was used. For daily vehicle miles traveled (which is often exactly zero, a condition known as zero-inflation), a gamma hurdle model was used, which allows first modeling whether or not miles traveled is zero, and if it is nonzero, modeling its magnitude. In cases in which there were repeated observations from the same respondent, mixed-effects variants of these models were used to capture respondent-specific characteristics.
Results Table 1 summarizes the number of workers and respondents from each building in each wave of the survey. About one-third of the post-test respondents were linked to responses in the pre-test survey, based on email addresses they provided. Therefore, two parallel sets of analyses were conducted. First, the full pre-test and post-test samples were considered as independent cross-sections. Second, the 137 respondents who could be positively identified as having completed both waves of the survey were analyzed as a panel data set. This section reports the effects of the real-time information display on traveler awareness, attitudes, and satisfaction toward various transportation modes and its effects on self-reported travel behavior and reviews respondent awareness, usage, attitudes, and comments regarding the real-time information display itself. More detailed results are reported by MacKenzie et al. (2016) . 
Respondent Use and Evaluation of Real-Time Information Display
In the post-test survey of the treatment group, 175 valid responses were received, of which 124 (about 70%) reported knowing about the real-time information screen that had been installed in the lobby of their building. Among the 124 who knew about the screen, 84 did not use the information on the screen for their travel decisions and only 9 said they used the screen information daily (Figure 3) . These results were similar when the sample was restricted to respondents who had commuted using one of the modes featured on the screen at least once in the week preceding the post-test survey. Among these 127 respondents, 88 (about 70%) knew about the screen, and 56 never used the information on it for their travel decisions. Treatment group respondents who were aware of the screen were asked if the screen was easy to read and understand, if it displayed accurate and reliable travel information, if they were satisfied with it, and if it met their expectations. As shown in Figure 4 , most thought the screen was easy to understand and reliable and met their expectations. Perceptions of real-time display screen among treatment group respondents who were aware of its presence.
To gain a deeper understanding of people's perceptions of the screen, responses to an open-ended question about the screen and how it might be improved were reviewed. The full responses are provided in Appendix B of MacKenzie et al. (2016) , and the following themes among the responses were noted:
• Numerous respondents noted that they prefer to use OneBusAway or similar smartphone apps to get the same information shown on the screen.
• Several comments implied that the respondent thought the display screen was showing schedule information, not real-time information.
• Several comments noted that the screen did not show route information for their transit routes.
• Several commented on the location of the screen-that it was difficult to see, in a corner, or too close to the building's security guard.
Effects of Real-Time Display on Awareness, Attitudes and Satisfaction
This section presents detailed results for the effects of the real-time information display on awareness, attitudes, and satisfaction with public transportation. Also presented are some key summary results for driving and other alternative modes (full results for these modes are reported by MacKenzie et al. [2016] ). The results of the statistical analyses generally do not provide evidence that the real-time information display caused a change in satisfaction, attitudes, or awareness of any modes. Table 2 summarizes the median ratings of perceptual indicators relating to various travel modes. A minimum score of 0 and a maximum score of 10 apply to each of these indicators. Across the treatment and control groups and both survey waves, respondents were very familiar with the local public transportation systems, moderately familiar with TNC services, and only slightly familiar with car-share and bike-share services. (Although "TNC" is used in this paper, "Hired car service [e.g., Uber, Lyft]" was used in the questionnaire to avoid confusing respondents; Table 2 reflects the language used in the questionnaire.) Respondents considered public transportation the most important among all travel options, followed by driving and walking. In terms of satisfaction, travel by walking received the highest evaluation, followed by public transportation, TNC service, and car-share service. For service quality factors such as convenience and reliability, TNC service had the highest ratings, even exceeding driving and public transportation. Bike-share services 6 5 5 6 I prefer to X whenever possible. (0=strongly disagree, 10=strongly agree)
Ride public transportation 7 7 5 6
Use hired car services 3 2 3 3
Use car-share vehicle services 2 1 2 1
Use bike-share services 1 0 0 0
Figures 5 through 9 summarize the distributions of reported familiarity, attitudes, and satisfaction with public transportation in the control and treatment groups, before and after the screen was installed. Overall, all groups were fairly similar in these metrics. Some small differences can be identified in the figures and are discussed here. Later in this section, whether these differences were statistically significant or if they could have occurred by chance are discussed. Figure 5 shows that both groups were very familiar with public transportation, with similar distributions before and after the screen was installed. Both groups also consider public transportation to be important to their daily travel (Figure 6 ), and its importance may have increased slightly between the pre-test and post-test. A large majority in both groups was satisfied with public transportation (Figure 7) , but satisfaction appears to decrease slightly between the pre-test and posttest. In all groups, less than 20% disagreed with the idea that sufficient information was available about public transportation (Figure 8 ). Curiously, between the pre-test and post-test, the treatment group showed an increase in both the fraction strongly agreeing and the fraction disagreeing that sufficient information was available. A majority agreed that they preferred to ride public transportation whenever possible (Figure 9 ), and there may have been a small shift in the tendency of the treatment group to agree with this statement. FIGURE 5.
Stated familiarity with public transportation for treatment and control groups before and after screen installation FIGURE 6.
Stated importance of public transportation for treatment and control groups before and after screen installation Stated satisfaction with public transportation for treatment and control groups before and after screen installation FIGURE 8.
Views on sufficiency of information about public transportation for treatment and control groups before and after screen installation
Ordered logistic regression was used to test whether the real-time display screen had a significant effect on satisfaction with or attitudes toward public transportation, using the model specification in equation (3). The estimated treatment effects and associated p-values from these analyses are summarized in Table 3 . Each row corresponds to a single perceptual indicator. The first column is the estimated effect of the real-time display on that perceptual indicator, for the full sample of respondents. The second column contains the corresponding p-value for the causal effect estimate, based on a likelihood ratio test on the treatment-posttest interaction term. The third column contains the estimated effect of the real-time display on the perceptual indicator for the subset of 137 respondents who answered both waves of the survey. The fourth column contains the p-value of the estimate in column three, based on a likelihood ratio test. None of the estimated treatment effects related to public transportation were statistically significant at the α=0.05 level. Table 3 also summarizes the estimated causal effects of the real-time display on familiarity, satisfaction, and attitudes toward driving and other alternative modes. Several of these estimates (noted in boldface) are statistically significant at conventional levels (α=0.05). However, in an experiment such as this where multiple comparisons are being made, there is an increased risk of false positives. Since there were approximately 40 outcomes of interest and 2 modeling approaches (full-sample and repeat-respondents only), 80 comparisons in total were made. The large number of comparisons means more opportunities to make a type I error (a "false positive"). To mitigate this risk, a Bonferroni correction was applied, dividing the significance threshold by 80 (the number of comparisons). This reduces Stated preferences for public transportation for treatment and control groups before and after screen installation the significance threshold from α=0.05 to α=0.0006. Once this was done, none of the effects in Table 3 appear to be significant. These results are consistent with a multivariate analysis of variance (MANOVA), which failed to reject the null hypothesis that perceptions are the same across all groups (p=0.52). 
All Respondents Repeat Respondents Only
Effects of Real-time Display on Travel Behavior
The commute mode shares for the control group and the treatment group, before and after the installation of the real-time display, are shown in Figure 10 . Public transportation was the top choice for most commute trips, followed by driving alone. Very few respondents used TNC services, car-share services, bike-share services, taxicab, private shuttle or bus, or other modes for commuting. Between the pre-test survey and the post-test, the percentage of respondents who reported driving alone as their commute mode decreased on all days for the treatment group, and four out of five days for the control group. Commute mode shares in control and treatment groups, before and after installation of real-time display
A mixed-effect binary logistic regression model was estimated to test whether the installation of the screen had a significant effect on commute mode choices. In this model, the dependent variable was whether the traveler chose to drive alone or used some other mode for their commutes. A random intercept term was included to account for correlation in repeated choices made by the same individual, since each individual reported modes for 10 commute trips. The model produced an estimated regression coefficient of -0.096 for the treatment effect, but this effect was not statistically significant (p=0.92).
The analysis was repeated for only the 137 respondents who participated in both waves of the survey, and the results yielded an estimated regression coefficient of 1.88 (p=0.0005). This reflects the reported commute modes shown in Table 4 -repeat respondents in the control group showed a 5.0 percentage point decrease in drivealone commute trips, whereas those in the treatment group showed a 0.7 percentage point increase in drive-alone trips. This result suggests that the installation of the real-time display was associated with a significantly higher probability of driving alone. Considered in the context of the other results reported here, this may be a spurious correlation. Comparing the pre-test and post-test surveys, average automobile miles traveled decreased slightly in the control group (from 11.6 miles to 10.8 miles) and more substantially in the treatment group (14.1 miles to 8.7 miles). However, upon analyzing these data using a gamma hurdle model, it was found that this difference was not significant at the 0.05 level. This was the case when both the full data set and the panel data including only the 137 respondents who responded to both waves of the survey were used.
Conclusions and Recommendations
A well-designed real-time multi-modal transportation information display can provide clear and reliable information and a satisfying experience for users. However, little evidence was found that the installation of a real-time multi-modal display screen in an office building lobby changed the building occupant travel choices, satisfaction, familiarity, or attitudes toward alternatives to private car travel over the course of a six-month study period. Based on the quantitative data collected in the survey as well as open-ended comments from respondents, the following recommendations for future installations of public real-time information displays are offered:
• Target gaps in awareness and use. Future investments in public information displays may be more effective if they target locations with lower usage, satisfaction, and/or awareness of alternative transportation modes. Even in the absence of the real-time information display, respondents in this study were very familiar with alternative modes, especially transit, and many reported using transit on a regular basis. A real-time information display might be more effective at shifting attitudes and behaviors if installed in a location with more "lowhanging fruit," i.e., room to increase awareness and use of alternative modes.
• Target gaps in information. Many respondents in this study felt that adequate information about transit was already available from other sources. In particular, many mentioned their reliance on the OneBusAway smartphone app for obtaining real-time transit information. A real-time information display may have more to offer in locations in which real-time information is not available via smartphone apps or smartphone adoption is low or in areas with poor mobile data coverage.
• Consider usability and location in installation. Although most respondents were aware of the display screen, a majority never used it. Several respondents noted the physical location of the real-time display in this study was inconvenient, located out of the way and close to a security guard's desk. Future installations should strive to locate the screen where it is easy and comfortable for travelers, including both building occupants and visitors, to view.
• Consider marketing/public information at launch. Some respondent comments revealed a lack of understanding of the screen's purpose and the information it contained, indicating that they believed the screen contained schedule information, not real-time information. Although the display screen showed information on services other than transit, we did not detect changes in usage, satisfaction, or attitudes toward other services were not detected, and respondent open-ended comments suggested that they primarily viewed it as a source of transit information. Future installations might be more successful if the installation were accompanied by a marketing or public information campaign to ensure that potential users understand that the screen is displaying real-time information on multiple services.
In closing, some recommendations for future research in this area specifically and in the transportation field more broadly are presented. First, it may be worthwhile to evaluate the effects of real-time information displays that are responsive to the above site selection and installation recommendations. Second, future work may want to consider route choice as a behavioral outcome, since providing information in workplaces or other public locations may support choices between transit routes more effectively than providing the same information after someone has walked to a particular transit stop or station. Third, this work considered only building occupants whose regular workplace was in the study buildings, but visitors to the buildings may have different responses than occupants. Fourth, it may be worth evaluating impacts over a longer time horizons than the six months used in this study, especially since behaviors and attitudes take time to evolve. Finally, other transportation researchers are urged to conduct more careful evaluations of interventions, using appropriate experimental or quasi-experimental research designs (Campbell and Stanley 1963) . Sound evaluations should be planned in advance and should use control groups and, where possible, randomization. The use of control groups becomes particularly important in longerterm studies, in which time-varying confounders can undermine the validity of a simple before-and-after evaluation, with sometimes embarrassing results (e.g., Degraeuwe and Beusen 2013 
